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ABSTRACT 


The U.S. Army has developed an Upgraded Logic Module 
(ULM) for use in its Infantry Direct Fire Simulator System 
(IDFSS). It is designed to analyze data collected from 
associated instrumentation according to prescribed program- 
ming, to report results back to the system control via a 
telemetry interface, and it can be backpack mounted. 

The thermal environment existing at Ft. Hunter Liggett, 
Ca. (the primary operating environment for the ULM) during 
the summer will add an abnormal thermal load to the ULM 
operating environment in the backpack. 

A mock-up of the actual ULM was built to model the heat 
dissipation of all the components and tested in different 
environments uSing extreme power consumption rates. The 
actual ULM was tested with typical power consumption rates 
and various environmental temperatures, including solar 
loading. Under typical operating conditions, the ULM will 
remain within manufacturer's tolerances for individual 
component temperatures. However slight increases in power 
consumption rates will severely stress the reliability 
limits of certain components, and the reliability of the 


entire system cannot be predicted. 
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iN ODUCT ION 


A. BACKGROUND OF THE ULM 

The U.S. Army Combat Developments Experimentation 
Command (CDEC), conducts combat experiments at Ft. Hunter 
Liggett , California, often involving infantry and vehicle 
players in mock battle. These experiments are designed to 
test various weapons systems, strategies, vehicles, and 
personnel under equally varied conditions. 

Players are generally instrumented to monitor the battle 
activity and are linked to a main computer system via telem- 
etry devices. The instrumentation utilized must operate 
under dusty conditions, high vibration, and in temperatures 
ranging from 10 fahrenheit in the winter to 120 fahrenheit 
in the summer. 

Prior to the experiment, player instrumentation is 
planned and designed to fit the particular parameters of the 
experiment. Maximum use of existing equipment is planned 
whenever possible. However, due to the uniqueness of many 
of the experiments--in terms of equipment and scope--new 
devices, cables, and mounting hardware must be designed or 
existing inventory modified. For these reasons and due to 
tne high frequency of new experiments, there is a constant 
process of upgrading and re-designing existing equipment to 
meet the needs of the current experiment--with little regard 


given to the uses for future requirements. 





The unfortunate consequences of this type of design 
process are many: 


- Existing hardware--although functionally adequate-- 
may not be compatible with other existing hardware. 


Due to modifications, documentation is often poor and 
usually only addresses the experiment of the original 
design. 

These poorly designed functional modules are extremely 
difficult for new personnel to use in the planning of 
new experiments. 


- Finally, much of the equipment has become obsolete and 
hard to maintain. 


For these reasons CDEC has developed the Upgraded Logic 
Module (ULM) to replace the Logic Module of the Infantry 
Direct Fire Simulator System. The objectives of the ULM 
design are: 

- Support the infantry player with minimum size and 
weight, yet allow expansion of functions where size 
anG@eawergit are not critical. 

Fit the existing backpack. 
- Use a microprocessor such that the inherent flexibility 
of the program memory can be used to meet future 


requirements without re-design. 


- Provide input and output interfaces with sufficient 
flexibility to support the diverse player configurations. 


- Be compatible with existing units and cables to the 
maximum possible extent. 


- Use conventional packaging techniques to simplfy parts 
procurement, assembly, maintenance, and repair, 


- Provide hermetic sealing to protect against dust. 


- Provide general purpose bus interfaces for adding 
Other developed equipment. 





- Partition the hardware and firmware into sharply 
defined functional modules to make the design easier 
to understand, to simplify the documentation, and to 
provide the ability to meet future requirements by 
mocecignumagrsa module instead of the entire ULM [Ref. 1]. 
ee OBJECTIVES 
The thermal characteristics of the ULM were a prime 
consideration during the design process. Components chosen 
were specifically required to be capable of operation in the 
high temperature of the ULM. It was recognized that the 
small size of the ULM and the large number of integrated 
circuits could challenge the stress limits of current micro- 
electronic packaging techniques [Ref. 2]. Additionally the 
high ambient temperatures existing at Ft. Hunter Liggett 
during the summer months would place an additional thermal 
load on the ULM which cannot be accurately predicted. 
Thus the purpose of this test and analysis is to check 
the thermal performance of the ULM. Specifically tests 
were designed to: 
> Determine if the ULM operating under typical conditions 
of power consumption and environment would remain 
within the reliability limits specified by manufacturers 


for their individual components. 


Attempt to predict performance under off-design 
Sonat ions. 


Using resistors to produce the heating characteristics 
of the individual internal components, a model was designed 
and constructed to simulate the power dissipation of the 


actual ULM. To accomplish the above objectives, both the 





model and the ULM were instrumented with thermocouples to 
measure temperatures at specific locations and on specific 


components. 


fe DEVICE DESCRIPTION 

The Upgraded Logic Model (ULM) is an integral part of 
the Infantry Direct Fire Simulator System (IDFSS) respon- 
Seoles Or the collectton of data from infantrymen instru- 
mented in connection with a combat development experiment. 
It analyzes data according to its programming for that 
experiment and reports results via a telemetry interface 
back to the system control computer center, 

mie sULM consists Of two circuit boards housed in a 
machined cast aluminum case with outside dimensions of 
imeosx5x10 in. The circuit boards are made of multi-layered 
glass epoxy and copper circuits. The fully populated boards 
and case weigh approximately five pounds. Its power con- 
Semotton is rated at a maximum of 15 watts at 5 voits, 
with a typical usage of 7 to 9 watts at 5 volts [Ref. 3]. 

The case is made of two separate halves, each containing 
one of the circuit boards and one of the connectors shown in 
Figure 1.1. The half containing the Jl connector houses the 
CPU board, and the one containing the J2 connector houses 
the I/O board. The two boards are connected by a fifty pin 
ribbon connector, and when the two halves are assembled, the 


tops of the components from each board face each other. The 
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boards are fastened by 12 hex head machine screws with a 
gasket between the two halves of the case for dust 
mrocection. 

The circuitry consists of a Central Processing Unit 
mePU) Board and an Input/Output (1/0) Board, depicted in 
Figures 1.2 and 1.3. The CPU Board contains over 60 sepa- 
rate electronic components, including the Z8002 16 bit 
muU(u3) . 

The I/O Board also contains approximately 60 electronic 
components, including two Z-8 Micro~computer processors 
(u2,ull) and the ZCIO I/O chips(ul). The larger socket 
mounted dual-in-line pin (DIP) devices are listed in 
Tables 1 and 2, and are shown in Figures 1.2 and 1.3. All 
components are rated by the manufacturer for maximum case 
temperature tolerances to 125 C, except the following 
devices: 

USeOL che CPU 
ie ke Sand wls “or the 1/0 
match are rated at 85 C. 

The ULM is equipped with two connectors, one for power 
Maput and the other for I/O signals and testing. For this 
evaluation, the ULM was specially wired to give typical 
power consumption rates for the system without using the 
Mm erconnector. This allowed an I/O connector midification 
to accommodate the many thermocouple wires to be inserted 
into the case. However this also prevented the ULM from 
being tested under atypical power consumption rates. 
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A. PRELIMINARY SETUP 

Test procedures for the ULM and the model were deter- 
mined by various limitations--primarily equipment availa- 
bility and facilities. Initially, the actual ULM was not 
avallable for testing, and a model was presumed to be the 
primary vehicle for this analysis. 

The questions were: 


HOw tO urabtLleate the model to simulate the thermal 
GharacteriStlcs of the ULM? 


- How to instrument the individual components? 


How to simulate the various conditions under which 
the ULM would operate? 


The last two questions also applied to the actual ULM when 
it was learned one would be available for testing. For- 
tunately, most of the solutions to these problems were 
equally applicable to the ULM, with only some modification. 
Using an actual ULM case, two unpopulated ULM circuit 
boards, the ULM technical drawings, and power consumption 
rates--which were all provided by CDEC--the model was 
fabricated. To simulate the individual components in terms 
of thermal energy dissipation, resistors were used as 
heaters and scaled to the component's power dissipation 
rate shown in Tables 1 and 2. For most of the DIP compo- 
nents with 16 pins or less, DIP resistor networks were 


wired to meet the calculated resistance required and then 


ee 





mounted into DIP sockets. Required resistances shown in 
Tables 1 and 2, were calculated based on power consumption 
rates of individual components at 5 volts. Using the 


elation: 


power = current * voltage 


the current was calculated, and using Ohm’‘s Law: 


voltage = current * resistance 


an equivalent resistance was calculated for each component. 
For DIP components with more than 16 pins, the DIP resistor 
networks were not readily available. Therefore similar 
resistor networks were fabricated using single resistors 
-wired into DIP adapters, forming an equivalent resistor 
network. Covers were added to these heaters to simulate a 
more even heat dissipation on the surface of the component, 
and to maintain geometric similitude. Each component was 
then placed in the exact position on the board as occupied 
feles actual counterpart. 

Before beginning model fabrication, the decision to use 
type-T thermocouples for temperature measurement was made. 
As the critical temperatures for all components were well 
within the range of the type-T (copper constantan) thermo- 
couples, and the thermocouple wire and connectors were 
readily available, this was a logical choice. Due to the 


Small area of consideration anda t) minimize Gisturbances 
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Pomthe agnternal natural convection of tne air, 30 gauge 
wire was chosen for fabricating the thermocouples. 

Next a determination was made concerning which specific 
components were to be instrumented. This was based on 
elements with the lowest critical temperatures and the 
highest heat dissipation from Tables 1 and 2. Additionally, 
thermocouples were placed on the boards, in the air gap 
between the boards, and on the inside and outside of the 
case to determine the various thermal resistances of the 
heat flow path. These locations are listed in Tables 3, 4, 
Pwo anda Shown in Figures 1.2, 1.3, 2.1, and 2.2. The 
thermocouples were fabricated in lengths of approximately 
24 in. and connected to 15 ft. lengths of type T thermo- 
couple extension wire. 

The thermocouples were then calibrated using the HP 3054 
Data Acquisition System and the Rosemount calibration bath 
(see Appendix B). Two D-style 50 pin connectors uSed on 
the ULM were also used on the model. One was used to 
provide power to the unit, while the other was modified and 
used as a passageway for the thermocouple wires. The modifi- 
cation was accomplished by drilling out 8 of the pins in the 
center of the connector with space to accommodate the 
bundle of thermocouple wires. A slit large enough for one 
wire was cut in the top of the connector to the hole to 


Facilitate the removal and insertion of the thermocouple 
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ul Ser tom 
LEO 

Whe FEO 
HO (boetom 
ul bOteemn 
WEES ECD 
ULAR sie rdiseyy 
WZ “Op 
us bOLEom 
Wes LOD 


BOARD THERMOCOUPLES (TC) 
COMPONENT /LOCATION 


us) bOtcOm 

NEE OD 

Peace oOetom Vileinity us0 and u35 
pOane DOtLCom Vicinity ulO and ul7 
inside wall of j2 (case) 

inside wall of jl (case) 

beard €Op vicinity ul0 and ul7 
boacad top vicinity uZ0 and u2s 
bOamdmeOn. Vicimaty US0 ,and u35 
bOcune EOD eVICINTey u27 and u32 
eave nae y W500 and :uZs 


Gav eimity ue and Uld 
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Table 4 


ULM I/O BOARD THERMOCOUPLES (TC) 


TC 


Do 
54 
BS 
56 
57 
58 
SS, 
60 


COMPONENT/LOCATION 


Glebe t com 


bb 

DHE 
ue: 
ul3 
ul3 
ie 
eS 


top 

bottom 

EOD 

bottom eprom 
top eprom 
bottom 

EOD 


Ui mer UmeOnkD Tae RMOCOUPLES (TC) 


re 


g85) 
74 
aS 
76 


COMPONENT/LOCATION 


oOo te om 


u3 
shale 


alr 


top 
Veen 912 34) 


VArciMnuey 139 


Zi 





PL 
Gd 


iy 


78 
Eee 
80 


NOTE: 


Table 5 


COMMON THERMOCOUPLES (TC) 


COMPONENT/LOCATION 


J2 inside (case) 
Jl inside (case) 


ambient air for model runs after 
13 AUG 1983-~-see note 


ambient air for ULM on 12 AUG 1983-~-See note 


ambient air for all runs prior to 13 AUG 1983~-- 
see note 


backpack air for ali runs from 12 AUG 1982-- 
see note 


inside front wall of case 
J2 outside (case) 


Jl outside (case) 


Changes to thermocouple locations were 
required on 12 AUG 1983. 
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Figure 2.2 
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wires individually. The unit was made almost air tight 
by packing the hole with silicon rubber sealant. 

Power to the ULM was provided by a Lambda 60 volt power 
supply capable of voltage and current limitation. A Dana 
Digital Multimeter Model 4200 was used to monitor and 
adjust the power eons ULM/model, and check resistances. 
For gathering data, the HP3054 Data Acquisition System was 
Metlized. It consisted of the HP3456 Digital Voltmeter for 
reading compensated EMF values from the thermocouples and 
few HP 3497 Data Acquisition Control unit for controlling 
data flow. An HP 9826 computer was used to control the 
HP3054 and to store data on 5.25 in. floppy disks (see 
Appendix A). 

The system was set up as follows: 

A calibrated 2 ohm resistor was put in series with 
the load (model/ULM) to obtain accurate current 
measurements for calculating input power. 

A junction board containing a switch for reading 
the voltages of the resistor and the load was 
fabricated. 


The schematic is shown in Figure 2.3. 


Power to the unit was controlled by the settings on 
the Lambda power supply. 


- Temperature was measured by using the thermocouples, 
the HP3054 system, and the HP9826 computer. The 
schematic is shown in Figure 2.4. 

The actual ULM circuit boards and a backpack became 


avallable for testing at this point. It was then decided 


that the actual ULM would be instrumented similarly to the 
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Mecdel. "“UntOrtunately, the ULM could operate only in its 
typical operating range, and therefore could not be tested 
under max power ratings. An environmental chamber with 
variable temperature control was available for use. The 
environmental chamber had a maximum limit of 48.8C on 
its control system and was the size of a small room-- 
approximately 40 square feet. This allowed the backpack 
and ULM to be placed within the chamber in a stabilized 
environment while being monitored and controlled from 
outside the chamber. The test procedure was implemented 
as follows: 

- The ULM and model would be run under room temperature 
conditions to test for proper operation of the systems 
and to ascertain the operating characteristics of each. 
The ULM would then be installed in the environmental 
chamber to determine the ambient temperature at which 
Critical temperatures would be reached. 

- The ULM and data acquisition system were then trans- 
ported to Ft. Hunter Liggett on a typical summer day 
for testing in the ULM's actual environment. 

’ The model then replaced the ULM in the backpack and 
tests were again conducted in the environmental 
chamber. This time runs were conducted in an attempt 
to exactly simulate power and environmental conditions 
of all the ULM tests. 

eee CONDUCT OF TESTS 
This section will cover the specific procedures of all 
runs performed in the anaiysis. Data from the runs are 


contained in Appendices D through G. 40 thermocouples 


were assembled and divided between the ULM boards, model 


Ze 





boards, the case, and external locations, which are listed 
in Table 3. Programs were written to automate the data 
acquisition process. All programs were in Hewlett Packard 
Basic 2.0 programming language. Specific programs were 
wertten for: 


- Data acquisition and storage during the calibration 
procedures. These are contained in Appendix B. 


Meecalculation and storage of second order polynomial 
coefficients for calibration corrections of each 
thermocouple. This program is listed in Appendix B. 

°- Data acguisition and storage of temperatures for each 
thermocouple of the model. This program is in 
Appendix C. 

* Data acquisition and storage of temperatures for the 
ULM thermocouples. This program is listed in Appen- 
diam C . 

The data acquisition programs for the model and the ULM 
were interactive and required the following input: 
meemMonth, day, howr, minute and second of the start of 


the run. This was required to set the internal clock 
Of the HP 3497 control device. 


. Voltage readings for the load and the calibrated 
resistor for calculation of the power and current 
values. 

- The time interval for the wait between data sets. 

- Number of data sets to be taken automatically. 

The ULM model was first tested on 16 July 1983 in Halligan 
Hall, room 103. Using the setup previously explained, 
the model was placed on its side on & wooden board. The 


ambient temperature of the room was 24C (73F). The purpose 


of the test was to: 
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Check the operation of the model and the system. 

- Obtain data for further planning of teSt procedures. 
After studying initial data, it was obvious some of the 
heaters were not operational. The overall resistance of 
the system was approximately 3.1 ohms and was checked 
before and after the tests. However, when power was applied, 
some of the solder connections were non-conducting elec- 
trically. This required resoldering and reassembly of the 
model boards. The next test for the model was conducted on 
18 July 1983 in the same location and under the same condi- 
tions as the first test. Power was set at 10.71 watts, and 
10 runs were taken at 60 minute intervals. Power was 
increased to 15 watts--the maximum power level predicted by 
CDEC for their critical maximum temperature of 85 C. There- 
fore, to prevent damage to the components, this test was 
terminated. An examination of this initial data taken at 
room temperature indicated that if the ULM and the mcdel 
were to react similarly, the ULM would have problems 
operating in extreme conditions. 

On 26 July the first ULM test was conducted for the 
same purpose as the first test on the model. However, this 
test was conducted with the ULM instrumented and placed 
inside the backpack. The pack was placed in a horizontal 
position in the same location and under the same conditions 
as the model test. 10 readings were taken at 5 minute 


intervals to obtain transient temperature data. Power was 





set at 8.72 watts. Next, 8 readings were taken at 30 

Minute intervals to obtain steady state data. The settings 
resulted in a power level of 8.71 watts. Since power could 
not be incremented to maximum on the ULM, lower temperatures-- 
as compared to the model--were obtained on the ULM. 

It was noticed ey was a danger of cutting the thermo- 
couple wires when inserting and extracting the module to and 
from the backpack. Therefore it was decided to complete all 
tests on the ULM before conducting tests on the model. The 
environmental chamber was then modified to accept the 
cabling for control of the power and thermocouples. It was 
heated to 48.8C (120F), the maximum setting for the chamber. 
For this temperature, it generally took 3 days to reach a 
constant internal temperature; therefore it was decided to 
start at this maximum setting. If this was too extreme for 
the ULM it would be faster to cool down the chamber than to 
heat it. 

On 1 Aug 1983 the ULM was tested in the environmental 
chamber with the backpack in an upright position (this 
would be the usual position when carried by an instrumented 
soldier). 8 samples were taken in 5 minute intervals at a 
power level of 8.09 watts. 20 readings were then taken in 
30 minute intervals with a power level of 7.59 watts at the 
same settings. The maximum temperature achieved was 


mee (173F) on the CPU (u3). It was evident that none of 
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the components would reach their critical temperatures 
under these conditions at typical power levels. 

The ULM's next test was conducted at Ft. Hunter Liggett, 
Ca. on 12 Aug 1983. This was done to determine the effect 
that solar loading in the actual environment would have on 
the system. The backpack was placed in direct sunlight 
on a concrete pad in a vertical position. This test was 
Started at 0800 hrs. and ended at 1500 hrs. on a typical 
summer day for that region. Ambient temperatures were 
taken from a location in the shade near the backpack. Some 
tests were initially taken to examine the sun's effect on 
internal pack temperatures. 10 samples were taken at 
5 minute intervals with the ambient temperature ranging 
Brom 21.4C to 23.7C. Power was turned on, and 15 readings 
were taken at 5 minute intervals at a power level of 7.93 
watts. The ambient temperature ranged from 24.1C to 29.1C. 
Next, 10 samples were taken at 15 minute intervals with 
power now at 7.56 watts. Ambient temperature for this run 
ranged from 30.3C to 34.5C. Due to the changing direction 
of the sun's rays, the backpack was reoriented to maintain 
fbb irradiation by tne sun. This required moving the 
backpack off the concrete slab onto the dirt. 8 samples 
were then taken at 15 minute intervals with power at 
7.44 watts with no change to the power settings. Ambient 
temperature ranged from 35.2C to 37.4C. Again none of the 
components reached its critical temperature. This completed 
mesting of the ULM. 


Suk 





Returning to the Naval Postgraduate School, the model 
was placed in the backpack and tests were conducted in the 
environmental chamber to duplicate--for comparison-- 
conditions of the ULM tests. On 14 Aug 1983 the model was 
tested with 8 samples taken at 5 minute intervals anda 
power level of 7.9 watts. Ambient temperature was at 
43.3C for this run. Next, 20 samples were taken at 15 
Minute intervals at the same power level. On 15 Aug 1983 
the temperature was set to 48.8C to duplicate the ULM's 
run on 1 Aug 1983. 8 samples were taken at 5 minute 
intervals at a power level of 7.91 watts. 20 samples were 
taken at 15 minute intervals, with power now at 7.97 watizs. 
The final test run was taken--also on 15 Aug 1983--at 
37.7C for obtaining data to compare steady state with and 
without solar loading at the same ambient temperature. 

15 samples were taken at 5 minute intervals and power set 
at 7.72 watts. Next, 24 samples were taken at 30 minute 


intervals with power now at 6.62 watts. 





(iP emeeeeon LON OF RESULTS 


ee RESULTS 

Results are presented in this section with a summary of 
the observations of each test followed by the corresponding 
graphs produced from test data. The graphs depict the 
thermocouple temperatures plotted against time with either 
ambient or backpack temperatures, or both, shown for 
comparison purposes. 

The test on 1 August 1983 was conducted at a constant 
temperature of 48.8C in the environmental chamber. The 
following are observations from data taken during these 
un S 


- None of the susceptible components reached its 
Seltacal temperature of $85C. 


- Max steady state temperatures achieved are shown 
in Figures 3.1 to 3.3 and are listed here as: 


Meebo = “7 fae C 


geo= (826C 
wes = 722.8C 
wie 62 01C 


- Steady state was achieved at between 130 and 140 
Minutes after power was applied. 


- Temperatures of internal and external portions of 
the case are: 


plore 
D4 a4 © 


imcernal J1 (TC46) 
external J2 (TC80) 


There were no unexpected trends or observations 


resulting from this test. 
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The test conducted sie Ft. Hunter Liggett experienced 
ambient temperatures ranging from 21C to 38C and fluctuated 
due to occasional wind currents. This test began at 0800 
mea. On 12 August 1983, and terminated at 1530 hrs. on the 
same day. The following was observed: 


- None of the susceptible components reached its critical 
temperature of 85C. 


Max steady state temperatures acheived are shown in 
Figures 3.4 to 3.8 and are listed here as: 


ull = 78.78C 


u3 = 79.16C 
ul3 = 78.4C 
Wa = 64. 3C 


The internal pack temperature reached a maximum of 
60.8C--22.8C above ambient--as a result. of solar hia 
loading and internal heat produced by the ULM. 


Although steady state was not reached (due to ambient 
temperature fluctuations), the effects of transient 
heating appears to have taken between 130 to 140 
Minutes. This is due to the heating by the components 
as opposed to external solar loading. 


Apparently, moving of the pack disturbed the external 
thermocouple (TC80) causing it to give spurious readings — 
after 250 minutes as seen in Figure 3.5. This is most 
likely a result of loose connections at the thermo- 
couple connectors. 


The sudden jump in temperature at 30 minutes (for TC's 
54, 56, 58, 60 and 74) is a result of the power switch 
being turned on. Temperature increases prior to 30 
Minutes are due only to the effect of solar radiation 
on the backpack. 
The first 15 August 1983 test on the model was conducted 


in the environmental chamber at an ambient temperature of 


Momoc. Observations resulting from this test are: 
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None of the susceptible components reached its critical 
temperature of 85C. 


Max steady state temperatures achieved are shown in 
Figures 3.9 to 3.11 and are listed here as: 


Mies 76. 11C 
u3 = 66.80C 
ese = 7 7 5 aC 
wl = 6§4.58C 


As a result of internal heat produced by the ULM, the 
internal pack temperature reached a maximum of 54.8C-- 
6C above ambient. 


Unexpected temperature fluctuations occurred at 45, 
Zo, ana S00 manuees on TC's 42, 64, 68 and 72. Since 
the only thermocouples experiencing these fluctuations 
were attached to powered components, this may have been 
caused by a power fluctuation of the power supply. 


The second test of the model on 15 August 1983 was 
conducted again in the environmental chamber set this time 
to an ambient temperature of 37.7C. Observations from this 
beat are: 


- None of the susceptible components reached its critical 
temperature of 85C. 


Max steady state temperatures achieved are shown in 
Figures 3.12 to 3.14 and are listed here as: 


welt 60. 22C 
Mes. = 25 3 5C 
wre = 63.60C 
mie —Soe -7dC 


As a result of internal heat produced by the model, 
the internal pack temperature reached a maximum of 
Apes 


- Steady state was achieved between 80 and 120 minutes 
after power was applied. 


Unexpected temperature fluctuations occurred in TC's 
593 and 68, between 5 and 15 minutes. These fluctua- 
tions cannot be explained. 





_— ewe eee O88 cee O88 aume = ease Oe Tense ee os 
=e Se one gn =! gaa 22 ae eww == eae =" ame ee eee OE eee OE oe oo: 
cee EE pe ES AE ST ATU gE GR OT cape A SS OS ee A ce OE ema SEP eevee sO ——arae SSP om —- 


CNIWD) AWIL 
DOmmOCE SOzce eGGe Ore OG2 C3t Act 08 OV 0 


See ooaaNs. 





€86T ONW ST 


Nee ue ED DEEEED GSU GE AS AD SS SS PD Eb eee a EP ae aS Ge ae a SE ee A SS EE eee SE eee Eee ee 


graph 1. 


43206) ) - 


15 AUGUST 1983 (AMBIENT 


Figure 3.9 


4d 











| | 
! | 
CNIWD SWIL 
SOpmols “een OCe Ore Oe OST Oc! . 0a Or Seen 
nia aie i 1 CT Oe | 
\ 
| | 
OE 
| + | 
| | m : 
+ Or VU : 
| Mm 
! 3 | 
| + tH = 
€SOL) GWV 2) eet asi: E = 
| ova = - ~~ ~~ » - + * at 
fN 
{ C) 
! m1 | 
C) 
+ Sa 
(ZPOL) err” nee eH HHH Oe cont, O) | 
| 
<3 
| =e 250090909909 9990"°° | 
| (POOL) TN | 
| aa , 
emenenn les | 
C86T SMV ST | 
i 


Seo bc Olea 


48.8C) 


= 


15 AUGUST 1983 (AMBIEN? 


Figure 3.10 





roe eo nee + OP Que Ge Qases CO ques SES see Pe epee Cet es SP ages SE Qe SE ggg A? anee Ean. OE Cee OE caret EO ES ee Oe eee OE wees SE ee ee CE ee ee OE go oe ee OS qe ee ee ree Gee o , 





| CNIWD AWIL | 
OOr OSE OcE OBe Ore OOS OSI Ot o8 OF O 
mas ae —ae  e Oc 
| | 
| 
| Oe | 
a 
| A | 
| Or Vv | 
m 
| > | 
> 
! (EGON) GV et tro RR oc = 
UMN | Me at ie eee D | 
«~~ 
: | 
| O09 C) | 
O 
Vv 
| OL | 
! (891) TIN, + 
+ 
| SS3ee 8885585555009 | 
(ZLDL) £10 Oe 
| FM a tee Lo a a OB | 
| | 
: 


oe ee woe OO age SO ee SE ee SE re EE ce ee ree SO re OE ge eee OO ee SE ee SE eee SE nee rs es gees SE eee eee ene SF cage SE quae SE eee FE ees SP Qa EE que TE qa EE ge 


4 


48.38C) - “Geaaph 3. 


15 AUGUST 1983 (AMBIENT 


sare 3. 11 


a 
< 


46 





ee a ae 
A A A A a a Ee oli SEE tem: ait qe ES Ge le eee a ae B 








C(NIWD SWIL | 
O0r OSE OZE OBZ Ore O02 O8t O21 oA opr Q 
eae a So ee Ue 
= OE 
(€SOL) (LLOL) XOWd 
- + re s.. “fF “\+ “- + ae “ie 
w ~ “9 4 we wee ween OV 
5 5 5 5 5 23 ve 5 9 = O ora F 
. + “e ” Ht 44000 
"evar “* (Syontint ~ 
os 
09 
OZ 
08 
, __ Patan ee ne |e Rees fie 
Tipe oka 08 


a ee EE pee OS EE ee SES PS ES erg, SE NE ee ape ER eee Se OE eee dees epee SE Ee ET eee SE ee GE ye SPE ayer ES exe EE grapes GRP? capers SE ES ee GE ge cee EE gee ES ee SE gee SP ee Oe gee SEE eee 


Pech vVescnsl 


ET eet OE eee ge: CE agen EE ee TE ceminte SU SE eee A cee EE ate SP cee: AY ete: CE epee SE nage CO OE ceewee SU es UE ces SP cee SOO ee EE eee SES epee SN geiigeee SE eee SP eee eee CME: ST geen: SPE ees SES pits SP ate 


I cc a es eemenes —— ee ee ee ee ee ee ee ee ee ee ee ee ee eee ae? Gee oO ee eee 4 


Pegure 3.12 


graph 1. 


15 AUGUST 1983 (AMBIENT = 37.7C) 


47 








CNIW) AWIL 
OOr OGE OcE OBe Ore OGOe Oat Oe O8 Ot O 
creo CPP me To i al ~ tp Oe 
O€& 
(€SOL) GNY 
aS ; ; ; : . L 
a 7 i . 2 ee eee eee ee ne fe ee a aye 
re + ee + + + 4 + + to ep ett Or 
(LLOL) XOWd 


(8991) TIO ~ 
” + 


+ " 
2 2 2 2 


(zion) et 


O * 
Q * 
QO * 





£86 OW ST 


Eegure 3.13 


15 AUGUST 1983 (AMBIENT 





ee re | em aqme Gt gee OEE gee ee eee eee Oe 


| a a 





CNIW) SAWIL 
OOvr OSE OGE OBe Otc ONOe OST Oe! OSB Or O 
me? eee | lag; al el Oc 
OF 
(€SOL) awv 
+ + + ss a + + + + + of “ty. ' e 
RO shor : 7 e - cS ae oa Riiceeees = ay OF 
(LLOL) Awd’ Pe 
“ 
~ “| OS 
~ - co y ys + ” + ++ + H ann” 5 
(ZPOL) EN ms 


D apg hE? 
3 5 2 5 > 5 5 a 5 2 o9 


(P9OL) TA 


OL 


O08 





ee es eee | ee se Es ee ay 


€B86T ONW ST 


ear eae eee Oe 
ete: EM eens CED OTE? eerie CE ere ate CE a CEES Pn CN ens CES EN eens CS SR qe CE anes SE errenes eee SE qe nee CE eines Soe I cece GE quae CE menage OEE name A Sen SMES wae Say = — 


Soe Sct Masons. 


Gs} 


wees OE wee CES eee qreestets ewe S= gees Or ee OE ewes Oe og: OP ane ewe oe SS eee TO ee Te eae POR pee ee 9 ne GR eee wees SS Qa C= qua T= Sa cee Ce ome og 


| 


Figure 3.14 


Gzapa 2. 


lope UGUS Th. 1263 (ANSIENT = 37.7C) 


49 





Unexpected temperature fluctuations occurred in all 
thermocouples between 50 and 80 minutes. It appears 
Bidtacimtie Liwctuatltons lag slightly behind that of 
the ambient air fluctuation. An actual change in 
ambient air temperature would have this type of delayed 
response. Since the environmental chamber was not 
monitored continuously, the door may have inadvertently 
been opened, or there may have been a short loss of 
power to the heating system of the chamber. 
i. PrSocUSS LON 
The ULM and backpack will be subjected to ambient envi- 
menments ranging typically from 21C to 38C during the warm 
summer season. Solar loading--typical of a Ft. Hunter 
Liggett summer day--could add 22C higher environmental 
temperatures within the backpack resulting in a higher stress 
experienced by the ULM. 
Energy in the form of heat will naturally flow from a 


hot element to a colder one. The rate of heat flow (Q) is 


proportional to the temoerature difference (AT) and 


Fh 


inversely proportional to the thermal resistance (8) o 
the medium through which the heat is flowing. This 


relationship is: 


In the ULM--as in most electronic equipment--most of 
the energy used to power the equipment 1S converted to 
heat, causing the equipment temperature to rise. The 
temperature will continue to rise unless the heat can he 


removed. In the ULM, the power input to the module is the 
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total energy that must be dissipated. In the case of the 


ULM, the ultimate sink for thermal energy is the air outside 


the backpack. Both the air inside the backpack and the 


backpack itself, can be considered local sinks through 


match all energy leaving the ULM must flow [Ref. 4]. 


imere are three modes of heat transfer at work in most 


systems: 


Conduction refers to heat transfer across a medium 
resulting from kinetic energy interchange between 

HelecmlossOneby electron Grist |Ret. 5]. Conduction 
Saneoceln Inra sold, Ivquid, or gas and 1s the only 

> transfer occurring in an opaque solid 
Ref. 4]. 


Convection heat transfer occurs at the interface 
between a solid and a fluid at a different temperature 
when fluid motion 1S present. The fluid of this 
analysis iS air. Motion caused by the density differ- 
ences associated with the temperature variation within 
the fluid is called natural convection. Motion caused 
by external methods is forced convection. In this 
analysis the only forced convection is when wind is 
pecscentulRet. 51. 


Radiation heat transfer refers to the energy emitted 
by matter in the form of electromagnetic waves. Given 
two surfaces at different temperatures, each will be 
emitting and exchanging thermal radiation. However, 
the net radiation exchange is in the direction of hot 
to cold and will continue until both surfaces are the 
same temperature. At this point the net radiation 
will be zero [Ref. 6]. The net radiation occurring 
between two bodies with similar surface material, is 

a function of the intensity which varies with the 
viewing direction between the emitting surfaces. Thus 
the energy transferred from one surface to another is 
a function of the area of the receiving surface "seen" 
by the emitting surface [Ref. 5]. 


The primary heat flow paths of this system are: 


From each component to the ULM case via convection 
and Con@uetion. 





From ULM case to backpack by convection through the 
air, by conduction through the backpack frame, and 
by radiation. 


From backpack to ambient air via forced and natural 
convection, and radiation. 


Because of the geometric positioning of the components, 
radiation was not considered as playing a very Significant 
role in the component to ULM case heat flow path. The 
dissipating elements are flat DIP devices whose sides make 
up a small proportion of emitting surface. The greatest 
surface area is the top of each component. When assembled, 
each of these surfaces is facing another dissipating 
Surface. This would have an effect of heating the lower 
temperature device, but as both are power dissipators, the 
net effect in terms of energy dissipation would be 
negligible. 

Natural convection and conduction would be the primary 
heat transfer modes of energy transfer from the component 
to the air. Since the ULM was hermetically sealed, the 
only fluid motion would be caused by natural convection. 
The dense packing of the components leaves little room for 
temperature gradients to occur between components on the 
Meme board. The space between the boards and the top 
surfaces of the components vary with the component. Some 
components would act as barriers to air flow resulting from 
adjacent components. Unfortunately, all high power dissi- 


pating components are clustered at one end of the ULM. 
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Additionally, the hot components of the I/O board directly 
face the hot components of the CPU board. Since the air is 
being heated from two directions, the cooling effect of the 
air on the surface of each component is reduced. Thus, due 
to the geometric configuration and high concentration of 
fagh pOWer dissipators, it 1S postulated that much of the 
advantage in cooling achieved by natural convection is 
offset by the dual heating effect. This would leave 
conduction as the dominant heat transfer mode within the 
ULM. 

SConeuertonewithim the ULM willl occur from component to 
air to the case, and component to board to the case. Since 
the boards are separated from the case by electrically 
insulating gaskets, most of the conduction will take place 
from boards and components to the air--then to the case. 
With the available data, however, it iS impossible to 
quantify how much heat is conducted by the boards to the 
case compared to conduction from the components to the 
case. 

Ideally all thermal paths with their individual 
resistances would be calculated. However, the complexity 
of this device and amount of instrumentation required for 
this type of analysis made such a task impractical. It 
would have required calculating not only the path of the 


energy from each component to the ultimate sink, but also 
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the effect each of tne other components would have at each 
temperature along the path. Even if the device could be 
instrumented to determine ail of these temperatures, the 
individual power dissipating rates for each component of 
the actual ULM would have to be available. This data was 
not available. Unfortunately there is little correlation 
between the behavior and resistances of IC components and 
the resistors used to model the components. This is 
because power dissipation in the IC components is 

frequency dependent and not based solely on voltage supplied 
to and the resistance of the component. This is the case 
for the model, which is made of resistors having a fixed 
value. Thus little correlation existed between the actual 
component and its model, in terms of individual power 
dissipation. Knowing the total dissipation of the ULM 
enabled calculating an equivalent thermal resistance from 
the internal backpack air to the ambient air shown in 
Figure 3.15. These calculations are based on the following 
assumptions: 

- The temperature measured inside the backpack is assumed 
to be representative of the average value of the air 
Within the backpack. 

- Heat dissipated by the backpack frame directly to the 
ambient air is assumed to be negligible compared to 
the heat dissipated by the internal backpack air 
through the canvas to the ambient air. 


Using data from the environmental chamber on 13, 14, 15 


eeeust, 1983, and the relation: 
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Q = 6/aT 


Theta was calculated as 1.86 C/W for the test of 12 Aug 83. 
Therefore, Since the total heat within the pack was the sum 
of the ULM load and the solar load, the solar load was 
calculated as 29.67 watts. This is as if in the absence 

of solar loading, the ULM--~at 8 watts--~was joined in the 
Beckpack by an additional unit of 30 watts. This is a very 


Significant additional thermal stress. 


oe) CONCLUSION 

Operating under typical power consumption rates 
(approximately 8 watts) under design environmental condi- 
tions of Ft. Hunter Liggett in the summer, all internal 
components were measured to be below their specified 
Critical temperatures of 85C or higher. The cesign condi- 
tions meant here are: 


- An environmental temperature range of 21C to 38C 
UF to 00F ) 


- The ULM mounted in a backpack 

- No additional internal heat sources 

— The backpack in direct sunlight 

feeN©® wind. 
However, operating under these conditions causes several 
of the components, whose critical temperatures are 85C, to 


be within 5 to 10C of that limit. Therefore, any slight 


increase in power over 8 watts, or increase in ambient 
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temperature above 38C, could cause one or more of the 
components to exceed specifications. Then reliability 

of the system could not be predicted, and would be sub- 
stantially decreased. Conversely, the absence of direct 
Sunlight and/or the addition of wind would have a bene- 
ficial effect on the ULM by decreasing the thermal stress 


Om the unit. 





APPENDIX A 


EQUIPMENT LIST 


The following is a list of the equipment used for this 
analysis: 


- Thermocouples were made of copper-constantan, 
30 gauge, teflon coated thermocouple wire. 


- The HP3054A Automated Data Acquisition System was used 
ROEEGaed acoulsSdtion waleh Consists of: 


Heeoy 7 bata Seqursitt1ton Control Unit 


HP3456 Digital Voltmeter for obtaining data 
From the thermocouples 


- The HP9826 Desktop computer was used to control data 
acquisition, storage of data, computation and display 
of data. 


- The Lambda 60 volt power supply was used to provide 
power to the ULM and model. 


meen COMtrollead AcOouStIC Environmental Chamber manufac-— 


tured by Industrial Acoustics Company Inc. was used 
for simulating ambient temperatures up to 48.8C (120F). 
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APPENDIX B 


THERMOCOUPLE CALTBRATION 


The following is a list of equipment used during the 
calibration of the thermocouples: 
Rosemount Engineering Model 920a Commutating Bridge 


Rosemount Model 162 Platinum Resistance Temperature 
peancard 


HP3054 Data Acquisition System ’ 
HP9826 Desktop Computer 
A computer program listed on page 62 was written for the 
Me9S26 to: 
- Read emf values from the thermocouples 
Store the emf values in a data file 


Convert the emf values to temperatures based on a 
reference relative to platinum at OC. 


Compare these temperatures to temperatures obtained 
from the platinum resistance standard. 


A second program was written to fit a second degree polyno- 
mial to the comparison above and for obtaining coefficients 
moma oply to each thermocouple. This program is listed on 
page 63. 

The thermocouples and the platinum resistance standard 
were placed in the calibration bath. The temperature of the 
bath was cycled from 10C to 100C and back to 10C. Tempera- 


ture measurements were taken at 20 degree increments 
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ascending and descending the scale. Coefficients correcting 
the thermocouple temperatures to the standard temperatures 


were calculated and listed on pages 64-67. 
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FILE NAME: CAL 

REVISED: May) -oU. \982 

CUM -/Ci7 CC) 

DIM Emf(39).1¢39).Deltat 29) 

Parnes GUEGO9) 257274369, - 7677385 .8295,73800559%5.3 3 
DATA -9247486589,6.97688E +11,-2.66192E+13,2.9407bE +14 


READ Cre) 
PRINTER IS 703 
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INPUT “ENTER “MONTH. DATE AND TIME ¢(4m:DD:HH:4M:SS)° Dates 
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BEEP 
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Repeat: ¢ 
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Uae UV) ee 
INATOT 444509 
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NOC c ees 
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00+ 428961101 
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S0se aS 2Gaeein = 
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a7 


se/ 1 


vo/ I 


Oa 


S0-36¢E€7990 °7- 
00+49178600° 1 
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Pie o tasa09 
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IN 1B) Slip 30) 9) 
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OO+ABLEZIIO' | 
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APPEND LX C 


PROGRAM LISTING 


ea) ae 

- GaN oY 13835 

aM "THIS IS 8 MODIFICATION GF A FROGRAM ARITTEN BY 8, aANNIARACHCHI FOR GENER 
AL USe ON “HE HP3NS4 


3 ' OATA ACGUISITION SYSTEM.MODISECATTONS DONE BY H. KEEBLES FOR TESTING UN 
THE 

a eee rd 

“{) Cie “Hapeat 39), 28039) 6 29) ,900) 

60 DIM Eme (39).7¢639) Emo 1039) 


ae ASSIGN sCoe TQ “COE 


a2 FOR I-+0 TQ 39 


95 ENTER weCoe:ACI) .8¢7),C¢er) 


94 NEXT ¢ 

=> CMON OUEGOS). 25027. 99509.7767395.5099. 73925595.81 
1S DATA -9247486589.6.97688E+11,.-2.66°9CE+15,.5.94079E +14 
196 READ OC#) 

10 BEEP 

120 SOUNTER 15.701 

130 CLEAR 702 

et tMPUT “ENTER RESTSTOR VOLTAGE” .Rv 

Toc INPUT “ENTER LOAD VOLTAGE” .Lv 


ie3 Amp=RKv/2.0 

124 Pow=AmoeLv 

136 PRINT “SESISTOR VOLTAGE?” Rv, °VOL TS” 

n37 PRINT “LOAD VOLTAGE= Cyt eS 

128 PRINT “CURRENT = "Amo. AMPS” 

1293 PRINT “POWER= * Pow, “WATTS” 

14} INPUT “ENTER MONTH.DATE, AND TIME «MM: DD:HH:MM:SS)°, i ames 
150 BUTPUTS 709° TD :iimes 

160 BEEP 

170 INPUT “ENTER INPUT MODE? =30S4A-8UTO,.2*F ILE, 3=4ANUAL)D”. Im 
180 IF Ime2 THEN 


Sy) BEEP 

206 INPUT “EMTER NAME OF EXISTING DATA FILE’ Olaf: led 
210 PRINT USING “?Ox."°° THESE RESULTS ARE FROM DATA FILE’ 100A": Ol df i ies 
220 ASSIGN File TO Gidfries 

< 40 END If 

oan IF {met ORK Im=3 THEN 

a0 BEEP 

269 INPUT “SEW DATA FILE NAME?" Neufitles 
270 CREATE RDAT Newf i les. 38 

239 ASSIGN File TG Newt: les 

et INPUT “anter number of sampies”, t 
eae Pirie SES ARAL) tiNe IN SEC”. ._time 
290 END IF 

200 BEEP 

aU Jet 

230 DUTOUT 7909;"AR AFan AL 79° 

349 Quip ieee. Flory ft 21 elt” 

350 J=J+l 

360 IF Im=i OR [m=2 THEN 

361 *REAN TEMP OF BOY WALL‘ INSIDE) 

3H2 PGTyp 

364 PRINT “INSIDE 80X WALL TEMP" 

370 POR feQ tg 9 

7PN OUTPUT 709:"AS SA” 

399 ENTER 722:Erf tl) 

oot IF ¢4 THEN ang 

292 IF [>5 THEN 490 

394 iF Emf C1)¢.G0001 THEN 400 
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295 


*Q7 
333 
400) 
a01 
41 
aan 
430 
349 
444 
2a? 


44q 
4&5 
450 
451 
452 
454 
a=5 
456 
457 
45R 
asa 
460 
4b] 
462 
4b4 
465 
465 
467 
47) 
480 
4:30 
39} 
492 
493 
494 
495 
520 
501 
Sn? 
S10 
Sz 

Sot 
5 4u 
541 
rae 
543 
5428 
S45 
558) 


552. 


260 


GAIN iveviim’ (i ).emeicl)) 

Tteem* ici? 

TCT) “FNieme Tt. 72) 

PRINT tcl) cea! 

NEXT 7 

MOQMT “INTERNAL SIR TEMP” 

"READ AIR TEMP MODEL 

FOR fe!10 7O [1 

OUTPUT 709;:"AS SA* 

ENTER Poo :Eaeci? 

IF Em@ct><.0001 THEN 450 

CALL Tesvcem@ cl) cme tcl 

Tt=Emf 107) 

TCL) =FNTeme T+, I) 

Y PRINT TCl).i+41 3 

NEXT £ 

PRINT * ° 

PRINT “ULM {31 .U3! .UtS-EPROM/CHIP” 

"FOR ACTUAL 

FOR [=t2 10 '9 

GUTPUT 709:°”S 
( 
0 
¢ 


J 


an 


THEN 464 
Emr tect») 


eNTER 722:Emt 
IF Emfct)<.00 
CALL Tvevctne 
Ttzsemfic]) 
TOT IVEPNTem( Tt, I) 

PRINT 1C1),2+41.J 

NEXT [ 

PRIEG, .” 

Vee Ramee ODE UO LSUT io Ut Ul Uloe 
"READ I/0 BOARD eine 

poeee 1) 103 | 

NUTPUT 709:"AS SA” 

Sen 7c2shar¢ [> 

IF emf ¢1><.00001 THEN 500 

CALL TeusviEarcl> Emr tcl») 

Tteemf ict) 

yar iceme 1te.) 

Ueea tid ©, eo). J 

HEX? | 

PRiti 

POTNT "IM W323. INTERNAL AJR FRONT «ALL 
"READ ACT BOARD TEMP 

POR I=32 "9 37 

BUTPHUT 709: "AS. SA” 

cHtER 72.5 Eur t 7) 

IF Emfc]o<. 00001 THEN S50 
CALL TvsvucEnt Cl) .eEmt ici) 
TteEmFtcl) 

TOT) =bCNTome Tt, I) 

PRINT TCT). 1 #41..J 

MEXT [ 

PPIHT 

POINT "“CXTESNAL OX TEMP’ 
‘TREAD GUISTDE BOY TEMP 
FOR [=38 TQ 29 

OUTPUT 799:°45 SA” 

ENTER 722:EmFf cl) 

JF Emfcl)<.00901 THEN SES 
CALL TvevtEmi (i> .Enf ict»? 


S 
i? 
01 
‘> 
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10 
if 
20 


—4 
ae 
m 


‘MODEL 
'VERSTON 135 AUG 1983 


"THIS IS A MODIFICATION OF A PROGRAM WRITTEN BY A. HANNYARACHCHI FOR GENER 
AL USE Ot THE H°3054 
! DATA ACQUISITION SYSTEM.MODIFICATIONS DONE BY H. KEEBLER FOR TESTING ON 


Pe uen 

COM /Co/ AC39).B°(39).C¢(39).D¢7) 

DIM Emé (39) ,7T¢39),Emf 139d 

ASSIGN sloe TO “COE” 

FOR I*0 I0 39 

cNTER sCoe:ACI),8¢1),CCI) 

NEXT I 

DATA 0.10086091 .25727 .94369.-767345.2295, 78025595 .81 
DATA -9247486589.6.97688E+11,-2.66192£+13,3.940786 +14 
READ De) 

BEEP 

PRINTER IS 701 

CLEAR 709 ‘ 

iNPUT “ENTER RESISTOR VOLTAGE”. Rv 

INPUT "ENTER LOAD VOLTAGE” .Lv 

Amp=Rv/2.90 
Pow*Ampetyv 
PRINT °° MODEL QF UL™ ” 

PRINT “RESISTOR VOLTAGE=",Rv."“VOLTS” 

PRINT “LOAD VOLTAGE eeey. VOLTS. 

PRINT “CURRENT® * Amp, “AMPS” 

PRINT “8 DKER= ** Pow, “HATTS” 

INPUT “ENTER MONTH,DATE, AND TIME (mM: DD:HR:MMN:SS)", Times 
QCUTPUT 705;"ID":TimeS 

BEEP 

INFUT "ENTER INPUT MODE (1*3054A-AUTO.2=F ILE. S=MANUAL)”,Im 
IF Im=2 THEN 

BEEP 

ZNPUT "ENTER NAME OF EXISTING DATA FILE” .Oldfiles 

PRINT USING “"10X.°"° THESE ROSULTS ARE FROM DATA FILE’’’.10A 
ASSIGN efile TO Oldfiles 

END iF 

IF ime=! GR Im*3 TREN 

BEEP 

TNOUT “NEW TATA FILE NAME?” Neufiled 

CREATE BDA’ Newfiles.40 

ASSIGN sFile TO Newti ies 

INPUT “enter number of sampies”. It 

™NPUT “ENTER WAIT TIME IN SEC’,!_time 

END IF 

Beer 

J=0 

QUTPUT 709:"AR AFA AL79" 

UTP 722 :"F1 RI T1 Zt FLY" 

we |} 

IF Ime! OR Ime3 THEN 

‘READ TEMP OF BOX WALLCINSIDE) 

PaInNy °° ” 

PRINT “INSIDE BOX WALL TEMP( 4S, 46)” 

PRINT “CPU-U3,BOARD(BOI/TOP)” 

Bark t=O TO. 9 

QUTPUT 709:"AS SA” 

ENTER 722:imficl) 
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vaiidtiies 





394 


465 
467 
470 


IF Emf¢(1)<.00001 THEN 402 
CALL TysviEmf¢ I) ,Emf1¢1)) 
Tr=OCmf1¢cI> 

Tcl =FNTem(Tt. ID 

IF [*5 THEN TCl1)=0. 

IF I*S THEN 402 

PRINT TCI), 1+41,J5 

NEXT I 

PRINT “INTERNAL AIR TEMP/AMBIENT(S32” 
fREAD AIR TEMP MODEL 

FOR I+10 TO 12 

OUTPUT 709:°AS SA” 

BHVER wc2c tum! (1? 

IF Emf¢I><.0601 THEN 450 
CALL TysviEmf( I>) .Emficl)) 
TreEmfi1¢.)> 

TCT) =F MTem¢( Tt, 1) 

PRINT Tc]),1+41,J 

NEXT I 

PRINT " * ‘ 

© PRINT “UL U?.U11,.U13-EPROM/CHIP” 
‘FOR ACTUAL 

FOR I=13 10 19 

GUieu 1 3709. AS SA” 

ENTER 722¢tEmi ¢[) 

IF EmfC1)<.00001 THEN 464 
CALL TusucEméi cl) .Emf tcl) 
Ttetmficl) 

' TCcrlysrNTem(Tt, 1) 

ft PRINT TCI), I+43.4 

NEXT I 

Paint °° 2 

porie ovO MODEL, U2.U1 UI0.UT! .Ui2.u13" 
"READ 1/0 BOARD TEMP 
-OR I[=20 TO 33 

OUTPUT 709:"AS SA” 

EMitR ¢2e-emt <<!) 

IF emf ¢lo<.00001 THEN 500 
CALL ‘veudemi Ci) ,Emt lec) 
Tt*tmr i()) 

TOT) fF Niemi Tt, 1) 

PRINT Tel) ,1+41,J 

NEXT I 

PRINT “= * 

ORIN ° ULM US. INTERNAL AIR” 
"READ ACT BOARD TEMP 

Coke p= se TO. Ae 

GUTPUT 709:°°AS SA” 

PFNTER (22:Enfcl) 

IF cmf(1><.00001 THEN 550 
CALL TusvcEmfCl]) .Em@ tcl) 
Teetemi' ct) 

( Te] <FNTemett 7) 

PRINT Tcl). 1¢41.¥ 

NEXT I 

Tretmft¢36) 
TO36)2FN Tomi Tt . 36) 

PRINT “EXTERNAL BOX TEMP” 
"READ DJUTSIDE BOX TEMP 
POR 2=ch 70) 39 





APs 
NN h ys 


6 TVOt FFs .7, 


nN 
= 


380 


Hemeee G1) 
rep deeNiTemeTE LT) 
BQ (Cl) 22 eat 


NEXT £ 

OUTPUT aFile:tafce#) 

FLSE 

cNTER sFilesEmt(e) 

END IF 

OBRINT * * . 


PQINT “AMBIENT AIR® “ T0356) .°%77" 

PRINT “SUMMARY” 

Imax!) 

Ty Im=!t OR ia#3 THEN 

Tmax=0 

FOR [+0 TO 39 

(PRINT TCI) [+41 J 

IF 7¢€T)>Tmax THEN Tmax2T¢T) 

IF Tmax2T¢l) THEN Jmax=! 

NEXT I 

PRINT “TMAX=". Tmax. Jnax*4! 

OUTPUT 709:"TD" 

FNTER 709: Times 

PRINT USING “10X.°° Month. DATE. AND TIME: °°". 1SA°: Timed 
IF Im=3 THEN 705 

IF (eto THEN 711! 

1© Tmax 2250 THEN 714 

nAITT I_time 

IF Tmax<250 THEN 3250 

END JF 

INPUT “enter ! for new data. 2 to end”.+ !aq 
IF Fiag=1 THEN 250 

Ue 7 oe te 

ENTER 709: Timed 

Sistine Ou acata runs are stored in file’ IGA": J.Newfi les 
Bee USING “10X.°°"°Montn. DATE. AND TIM: “",15A™ si smes 
END 

SUB “veut, 7) 

COM /Co/ &¢29).8¢39) .C¢39) .D¢7) 

Sums 

FOR te TA ? 

CuneSumeD Tey T 

NEXT 7 

T=(Sums9/5)+32 

SUBEND 

"THIS FUNCTION USES CALIBRATION CCESICIENTS 
"TO ADJUST THERMOCUUPLE READINGS 

DEF FNTemeT. I) 

COM /Co/ AC339).B°629) ,C€¢39) D7) 
DeltasACT) ele Rel) +Teact) 

TeT+Delta 

RE “URN | 

FNEND 


eZ 





AE eEN DEX .D 


ULM DATA RUN 1 AUG 83 
meee GOCATION: Root Hall, Room 10/7 


Eee CONDITIONS: 


1. Backpack placed in the environmental chamber 
iimaevecetcal position. 


2. Initial temperature: 48.3C 


fee CONDUCT OF RUN: 


1. Part I - 8 samples were taken at 5 minute 
intervals. 


Initial electrical readings were as follows: 


resistor voitage = 

Tead@veltage = 5.3 

current (amps) = 1.53 

power (watts) = 8.09 

2. Part II - 20 samples were taken at 30 minute 
intervals. Electrical readings (same as settings 
as part I) were as follows: 


resistor voltage = 2.832 
load voltage = 5.27 
current (amps) = 1.44 
power (watts) = 7.59 


iS 





THIS DATA IS FROM AUG) oS Ulin 


TIME CMIN)D TC= 29 wos 34 TC= 55 
0 47.8441940S66 47 .9501980717 Sole shea 
» 510) OS | SMa erere DOaeodaaeaone 60.6554475832 
10 91.9587254154 eas Goa SS Boal Ole Gaze) > 
iS 93.3484079473 Soe OOS Ie 4 64.8282905294 
é 94.4157791349 94.5551738C0438 Ge.g02 ee Oino 
Z 5 55.2449257037 De oe Sood 2 66.8864085/%79 
30 99.9340846794 Delia te Ja7bo Dice me ica? 7s 
She. S36. 2002721556 SO. ele JIS) 36S 6 beter oo lo 
40 ae. 247205019! 27 25942436635 OFe cesta 0 
70 98. 7460233785 Do woesoe 15125 (Op leo deena 
100 Soe o bea O So eee 7 2S 7). 7842003465 
130 Doaedsa oC teoec Soe Odea a7 305 (ie esen feo 
160 60.1 45335545 bU. 215324485. Fe, UGmm as ia 3 
ia 60.2412953484 BUM eo tec 54 (2.1740524764 
220 60.2574256552 60,.3475825413 ome a WSs 
2a 60.289687306 60.3913285744 (IRON as 3 
230 SU, efeioocas 50527 (oo 758 (enoet Je08 O00 
310 OP 2 ele sobs 60 .55909497 76 CL oUa Joe 2334 
340 Be. coos Uo305 GU eee 2e4s7 0b fame Clb a (aces 
370 60.2666443402 Sloop ms aove cs (2uGladagdo4/ 
400 60.35650°9604 SU en cme a7 72.401991543 
430 Be. Saye 1965 60 pocoee 7 42/77 72.4899841954 
460 BUR seo2350b3/ 60 .6284202323 (ono Boos 
499 BO. 509257457 2 BOBO Js7 256755 oo otar ts 3 

20 60.€005612998 Dero 1D O44337 Cie COE De ac 
350 60.7112216046 Sra osU2Zo 2s 2, oleae 34 
580 60.766481/7325 Slee sis) A Zoe doase co 
610 BU ai ocasscor a B0easU7 to/322 a-82604015/ 1 
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mci] (MIN) 


c= 56 


2646601961 
» 7564593407 
»2639145273 
woOuoeZU ol. 

.0940787045 
.8941117788 
9884427722 


Peco sesecs 


.1931756465 
62541134082 
.6982367736 
ssi) le sxc sim 
S036 57 e3t4 

elev 233 
22421 4itS? 
soe oes. 
-so0s4e9579 
(sugedie/ 349 
ioe 0UM! Socs 
3834227714 
~4596484249 
406472 /93 
socegcgat: 4 
»697230344 

144237137 

81374524083 
Feo ois o | 
por? avo 1/7 


> 


o7 


-224267 3643 
MO oowoee oe 
-4822041173 
Woda? fe 
»0221577964 
Peon de g09 | | 
pees oi7 3 
20541004269 
pS 1253553 
»194444802} 
.6413138627 
Moo loseaocec 
.99490935074 
ES Shs S.S10 
eee 246 
wae 7e4c 
4077675161 
-3965645025 
Bpooe ss 11304 
Ped ce oes | 
647274020437 
TIO CUES? oS 
POs sce (5 
» 7056904318 
2b ses 35 
Peco de ts 
864671006? 
maga foo. !S 


ie— 38 


Poy bso eos 
Wee gel eS 
.5952/764639 
Poe bone. © 
gS ooe eS /4is 
796509342¢ 
PS OS0 1) bs 5 
0635158037 
.0352072948E6 
~181928865 
6366575 36 
789431961 | 
0391662635 
Seo) 
.187315'1699 


eee ey 


ae ee 


376705014 


eae 

Toe oles 7 
oe yao lia? 

mode Oa So 
249471683871 
Sea 7, mr 
»627694791 

sBpedetoe 1) 2 
Pf ae 0G 1555 
7929944437 
.38086090 43> 





te So ee 50 ie i3 


ecole soo4 Soe 49 lo TiebS 60.4794926494 
ipl olsys}) eeinie: 59.7441540954 67.00991 74447 
.0804306305 be. Vee esS Bowe (ec C 
-866534016/ 64,4664792459 (Um oe toe © 3 
064377772 59.5513549459 Tees oa 4 
Boe Geos J bose 4e 7 esos | (2,e Sov be lous 
66595960994 67 .c4A288u424 (3.25727 44412 
»2038531594 67.7981037046 (Se Goo ded/ ceo 
pie eo 13 Daw? osenr ae 74,.562506' 192) 
POON eUT 42 Bo Soe ee 79.67S960 1844 
»SA2D4U4'5) (Usa eu ano | 76. DGS00S45914 
Seopa 456 i eee see 43 Lie eee 
pUzesaa te) 2 i eee 29 Lo Geo yeas 
-14eecocdos 71.7455741 763 a ei) Wis SIS) ele 
»1739664375 (ISI Se een} i Pepe eoue TLS 
Sligoous/ |/ Tipe ee Boeeess Lt ee cosa, 3 
S00 Zee0I053 Dg ee) ( (ae levis & 
29803864772 (ie stse 14265 | 77.8433 007234 
»2709156744 [Ves eda’ Geol 2 ff .8223672823S407 
ous OUD Cimote ce ee Cf ae se Bae 
Poel S. (Vee ey a4 (ieee Dee 
»46202201 46 1207 (292n oss 78 0302952 se 
9456250565 (Om oo he 4 Loe UO 329 
PoC as Neb. 3 Accel an esas? | eo neg ners 
pov ee secs (ogee S (Omeoaet Wins 
7296098297 Cece eae ot 732200925 - 3 4 
pide oo. | ego tas 34 Como D Ocoee 
8964009931 72.4246075302 73 ..382675 0E5 
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pos 74 


.768527767 

Pose sc0s 25 | 
noe 1319 
idee. 477 7 
ise sea 7 33 
.8995147097 
Poles oo 7) 25 
.9937168594 
.896079S5t?7 
pate 2556 
»3986 139085 
.92/3724097 
2590454793 
poDalor rae 
~S659E28S45 i 
O64 S77 s5cL 
-0383285979 
0108604456 
.98163755645 
.0288430361 
eer S08 
ise | 7 2 
22921884795 
Pee 4 eo oe 
»4063506 3283 
»466998E9425 
po ae? 141 
.5366244833 


dd. 


iS 


a? ie 1 0] 
.31272461 46 
P2ocne2s. 47 
»5582684582 
Rae eZ OC 
23150763113 
6939540499 

46402313928 
, 3962719992 
2901321445 

Pao2se0c!75 
B/Oaousse lc 
3.0095364257 
plizee72o8 

J18264101 25 
.21606573908 
62229485273 
.1977106246 
»174755844 

ewe e451 SAD 
22966563004 
Peo. oo | 


475270055 


poe tec OS 
.690597 48809 
spray aes 4 

wet tol e743 1 
Pro 20GO4862 


SL OO NI MNS ES 


oS 
fee 
p 


e= ’S 


4472283862 
MeeeG sfc t 
15947977468 1 
Soca Gosi9 
5343046634 
2405254057 
sooo s se 7b 
Weceoteeus 37 
5 eT Sie a a ie 
eo as | 
e468 182334 


OL 
~ 
J 
fw 
WA 
4 
i> 


“<P CD FING wo 


yy 8 


MIN MN COLOTS 


M~IINCIUINIEG I> —- — ~Y 
a Nee 


--4 > CD -e 


OO = ee PHP UN -2 CONT 


<= Aho Coo Teneo = 
a ir 
oy 


OS 
Or esas UNS 


[> -* 


“ 
ae 


pO ee Zeyee oc 
Ma se cue dy © 
Pee ee so — 
Weebl ae Os5 
nes oecs) (4 





fee (MIN) 


= a 


USta S550) 
2107 422355 3 
Dl SOs aiey e 
1262628242 
» 14272384183 
piece IB D0 
~17909511454 
> ee o2 a5 
, ear 2b 43 
. Sesestle7s 
Ce oo 
Peon Io.) 


~4395460) 1 


. 1709811454 
. wee goes | 
94499863902 
.266128493 5 
Hishevepiolen ou 

.967417386 

PLOT UM oe S| 
oso Wiese |! 
poseUiooe a7 2 
Moe aioe 
259074287653 
SoonUe | 5201 
6461592919 

moe 
.6038548485 


e2udS 


78 


~8664507986 
»70471928126 
59809553848 
~3891718085 
Cen 


Bae 
6427208867 


Aso ogc. | 
9547465453 
obese 
SIT I7aS 
.£049725346 
seer ois> 
Sebel sa? 
.4144547374 
420 ee ae oe 
-4167994726 


4023409177 


Poe 
260515! 563 
m4eeloost/ 5 


SUS ce cuo 


oo boo. 
oe ea i0/ 
(ose S54 752 
.214173835704 
pone c/o 
21D 2Soo5 
ome OU oi | 


73 


ie uo 


.9508227469 
Meee soe | 
20356176345 
PUR ose aac oS 
(1123334 /046 
eee ose CO 
43, 
Slope ab ea? 25 
Pea pe 9 
Be Sco oot | 
43. 4 
BOO Ie ei soc 


1627854202 


Boy See oous 


S31 1426068 


P3407 24575 
261687353975 

48. 
~t439476t 27 
oie 
.1674947334 
(oc oce4e/ 2 
Mace aay eS 
P5026) 3470) * 
ee ace! 


1486571284 


Q447 


SERA Ie 


Beye 


2 760SS5 OS 7S 
13aB BET Ia 


fr roowiee 32 


~ 





TIMECMIN) 


Gs 80 


i ecos We: S 
moo rod Lo 
.710888075 

Poon ays 
forceucua74 
Noor beac us 
.6676457!45 
NOS eos 
.6660838 7536 
~4868587402 
8462625798 
i oe eS 
Tobee22 055. 
»4245614679 
Pa Sslooc soe 
4429089687 
.3719454279 
.3756155749 
boc ee 54 
(Se S 2) aes 
Poo saa 25 
.5806938166 
faa 52 Cac o¢ 9 
mae i 7 ese 
.8020015694 
18905004145 
309745697 55 
.8998152767 


TCs a 


»682555042 
~1978434802 


pac oCo lees 


Poe cU. 
Poomes oUDo2 
POrBe 7a? | | 
Reosiaecine 3 


.6572442548 


Soebede oe 


1.566748234 
.4067992254 


woe ood 


eG oae 


Sou 


rol? s0U2 Ig 
Seo tas 27 
pei oe ee? 
BUS Sao be 
Hao NUSootoo 


pele pe re 
tay ic eent)] 


ou 1 Sa) 3 


s2en084)!5 


WWaUeee Io) 


.3599387435 


pe OL eee oS 


ee ee 


253508248 


45.7416441 393 


feo 


a7 
a8 


48 
42 


43. 
45. 
48, 


as 


43 


43 


3. 
48. 
aS e 
A 
a7, 
685303511484 
46. 
aon 
46. 
Boop Tats 
Ag. 
43, 
pede. 51258 
43. 
43. 


48. 


TGa 7] 


Pooo, 49UGoL 
04395 + 2520 
06230397354 
48. 
076343077 

Biiccogeae. 4 
48, 
43. 


eet Sole 


>GI0CI NONI © 


-»~fQghy—- -a eee eee 


926107790" 
3072497387 


JORBONV7 022 


201a276S0% 
co 20 4965555 
ANGIE SANS 840) 78 
46232710364 
5645194149 
S645 134149 
5456339175 





APPENDIX: & 


ULM DATA RUN 12 AUG 83 
Ewe LOCATION: Ft. Hunter Liggett Ca. 


Eee CONDITIONS: 


1. The backpack was placed on a concrete slab outside 
Pewee Sumit Ih al Uprraqnht position. 


2. Initial temperature: 23.8 deg C 


oe CONDUCT OF RUN: 


1. Part I - 10 samples were taken at 3 minute inter- 
vals. Initial electrical setting was at zero to 
check the effect of solar radiation on the internal 
temperature of the backpack. 

resistor voltag 0.0 
load voltage = 
current (amps) 

power (watts) = 0.0 


as = 
G20 
= 0.0 


2. Part II - 15 samples were taken at 5 minute 
intervals. Electrical readings were as follows: 


resistor voltage = 3.05 
load voltage = 5.21 
current (amps) = 1.52 
power (watts) = 7.93 


3. Part III - 10 samples were taken at 15 minute 
intervals. Electrical readings (w/same setting 
as part II) were as follows: 


resistor voltage = 2.86 
load voltage = 5.29 
Glieeene (amos): = 1:43 
power (watts) = 7.56 


80 





Part IV - 8 samples were taken at 15 minute 
intervals. Orientation was changed to maintain 
the direct nature of the sun's rays. This 
caused the backpack to be moved to a position on 
dirt rather than the concrete slab. Electrical 
readings (w/same setting as part II were as 
follows: 


resistor voltage = 2.82 
load voltage = 5,28 
current (amps) = 1.41 
power (watts) = 7.44 


oi 
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APPENDIX F 


MODEL DATA RUN 15 AUG 1983 (48.8C AMBIENT) 


EOCATEON: “~RoGt Hall, Room 107 


CONDITIONS: 


1. Backpack placed in the environmental chamber 
ima Vverwercal pOoSLtizon-. 


2. ambient temperature: 48.8C 


SONDUCT OF RUN: 


Part I - 8 samples were taken at 5 minute intervals. 
Initial electrical readings were as follows: 
resistor voltage = 3.06 
load voltage = 5.1/7 


current (amps) = 1.53 
power (watts) = 7.91 


Part II - 20 samples were taken at 15 minute intervals. 


Electrical readings (same settings as part I) were: 


resistor voltage = 3.1 
load voltage = 5.40 
current (amps) = 1.55 
power (watts) = 7.97 


89 






THIS DATA IS FROM foeQuUGE Soo =NOBEL 


TIMECMIN)D TC= 4} ie 42 i= 43 
0 48 ..042341/7034 48.2617698275 ood 4627 2 
5 52.02 92570/56 52 .64085273849 50.7924765974 
10 S/igomlg 4/56 SS ore 2462509 Someta sebs5 
15 S7.7602061225 Season. 3 Soe soom foc G 
20 57 .6954432734 5972965039059! 54 .9244704 346 
ZS. 59 .5349952453 60.294489833 S5.81150065264 
30 560.461715°9658 St yO7eee7 12 Sena0/ ol S243 
35 ola Sith sin 2 Ashe) 6 eee eS! Sues 4 aes 
40 60.4517729355 62 .0495208/722 57 3454420574 
a5 61.4797330763 Beets) feeo 34 $8 .2655¢05997 
70 62.188 .3246 11 337947665042 Se ere lb | 
85 B25 6 0c leace 64.236534610¢6 So eames ee = / 
100 57 20? 2554 o4.6871{'4t4} So Mess"! 7 
115 SO oe 715 Boe e eee of | DIP opeeeol sa 56 
130 56.7030S8!804 SS .427402323 SO b 5 wea 7 
145 Ble) Glo 5 CUS 28 as, Boo oie. | 60 .5644420278 
160 1942584562937 Se ss cmome 24635 60 .8s022052929 
175 Soe loge 76 Some ee ole of .9807¢/7547%9 
130 Sac wees 207 7 36.0273 75214e65 Blo aouie 7? oo 
Z20> 64.8366645255 S6.2762060998 60.S980787547% 
220 54,36! '6456005 a6. 365! 2202f56 50.98538637 12 
E55 64.9624309237 565.4107146747 BivGq2Ze7 3547 
250 64 .97349!9472 S$6.425739° 1265 5!.i07241¢d83 
265 65 .0471055759 66.449465625 Seles 1a we! 
280 So sUisstst2 3/7 epeod7 47 2de/ £1.240563/7.3 
255 S44 See ecu ace b6.4312302049 61. 28s046 1882 
310 $4 .5242724904 Se.40314138177 61.40832;6e37 
S25 54.5662080626 no .5406341814 Glasoee7 es 2. 


90 





TIMECMIND 


TF 


i C> 


»97366604135 


47 
48. 
48. 
48, 


oS 


D207 ead 
aba 
15500236653 
eves us 


3480476537 
3504014519 
4516050225 


eS | 


ea bee 


Socoooe hao! 
Eo oCae Voc / 
Seu sme o 
PUSS aes. 
BJocoa 17274 
.952641 7274 
Soo ase o 7 
mwas aa 4S 
Uren 409 
ters ot) 2 
9865447786 
Ubu, S707 a5 
PeouNey ie 
PiizoUle/ US 


43, 


Jul 


1996249672 


Mion el aca! 
.22:1549445/7 
.2663318822 
9158187624 
wooe4e 374. 
Pa ear Le 
(ooe4eoc rs 
,434673;23 

4805762779 
foe, 7s, 5 
soe se 200 202 
Sa aae eo toe US 
62646551777 
2645254478 

»5641057355 


8264066113 
Poop oo GO ie 
cor og! 7 
2734415808 
poo goWaee) 1f 


VOUT oT 


Ce 30 


noamesee71¢ 
Pec Wg ae ee ee Cae 
"91279825565 


25253704 


"701 o06ase" 
pa0 eee 2): 
e047 3506 
renter aaa 

.4/5332 S567 

56109831 mo 
aff 80S SSeS 
.991044275¢ 


felis / 


1489308282 
12117745645 


2606427 25 


poshe 46/3 
oon eG 
Oe eee 7 
Perea / 


Velo as 


A2>B7 [ayn 


IO 306 Ste 


4281526059 
-4979740163 





TIME CMIN) TC= de Ee= 45 6 45 


0 43,.2174113082 48.0725463971 2, (Se 20o0l5! 
2 51 .06044388026 aero geceGe 12 | 97 .93632095545 
10 Dawicesedoe so SQ ote locos) De  Gsibe Wace 3 
ie D4 soe Unb) Se ooes og s5 o/ Ibn Goda. oa. © 
20 Dos Geneseo 1 el SC eles, aetee Gt .S846502268 
Zo 36. 1862259443 53.304050648 Dl otteee oe 
30 Soycegr tei 4 Pee seleoua. / 28.0163423 7465 
5° 5/7 .4239694089 Soe lebese0n Jc DOUG noes 
40 Si Nae! 2k, ore ou a2 S Bios tee oS 
5 So bbdeg on. /c Soy eee 62.53584N 464% 
70 D2. 9147561055 So eae. ae. D deeded 2924 

85 Deg food ro! Sosoees ade! 4 Speier eo ees 
100 60.0504272754 56.89/75524914 5G, e/a /edo7 2 
inl 60 .23570874455 SVs eg soc. | boa werreganS 
13 BUR SOs asa.) a eucese dso Doee soe 27s 
145 SU see 031s? 57 .492145473% eee ieee SS 
160 SU mes 0] 3 Soe ODAC S Some sa. > 

iS Siz citeolet 23 Sef ase dee 4 Dover 47 37 
136 G2 eee | Sat pueaeilea? 4 Sis eee GUC Ein ct 
205 Sileceme ity 53 97 .8075233603 eno fa > = 
ae 61.341979383545 Boe aos poems ies. S 
25 61 4b e 37 3/4 Sec ene = |S Di eco gee — 
250 61. Saat s03206 Seo ee S5 he. 0504524b 44 
265 61.465078995 3 Dae a ee S QO sre Siove 20) sae 
230 61.5189540964 Bi nose ne St | acres Core 275 
Za 61.4591818859% Bis 500) 2a | 69.751 908H0C¢S 
310 Giles US 455/74 50 Saeco tes, es2 62a surah ols 
e2o Bio7 64215209 5604S y Zeno. | Som ool foe 


es 





fem <ai> 


TC- 47 


pe oe 34 
Bile iis lsrecalbs 
.N495006771 
.9550334533 
sleiia) ate) shee, 
Toa 2! 
piececaletS 
(210124047 
Nev seae. 3/7 
(UO 2sae 345¢ 
Sova pal yt 
meee 545. 9 
44256079659 
Sood ooo/ 3 
meno st 437 
§9921736/143 
teeoesoe (8 
56) 22 sl orale: 
Be Uo sb 425% 
eee eGo: 
wosaco2 50/5 
8444157445 
BorecJjo/3/4 
P90e2 259073 
Poe 2505)5> 
8764972124 
366072409 

POG? 353/75 


43 


Btee2our 74 
Ris ODD. 
(32425192438 
Per ise 254/75 
» 3865453599 
.136798721 

oo. 299 
Seo eau | o/ 
Po aan 3504 
SSS SO asian 
.'56638193663 
59788505132 
8736083967 
ena 1S / 
pues oo SS 
Bogie oe S42 
meme 2a 502 | 
ee rae 2 | 
Polyeaae 5/7 
Pome! is 
ae Vesa. 2S | 
Rassig dS 
move sas 
69193549934 
Poo eames 3 7 
Poo ge eos 
Poa 22/515 
76093001644 


ae 9 


~ 


a 


WwW O11 0dyIi1OIGIGI 


TC= 43 


4355602885! 
Boddoos 5 
»? 506223594 
eu ge J 
POUR eaoa 35 
pee UA Od 1.2 
Too cio > 3 
~477670483 

810553042 3 


ram oo oe 
ee ee oe 


= = - 


yee asa as 
pote oe 2 obo 
eee ee an) 3 
39211490294 
pe 0 os 8 
POM eeees 35S 
~4ayi157025 
Pooge ar oUu44 
ne ode 

hor ae oo) 3 
Solita s)2 Se 
,626;5429148 
eee gag 
peer! 4 
.3334412489 
e600 1235) 95 


0146019! 


»140531 4071 





owe CHIN) 


20 


Poe a: 
145902662! 

5554/52 ae 
, Pease. 2736 
 Be7sle 74a 
26773310847 
2220722 |: 


39643421461 


Voie 
ee oes 


Lo 0ees 


3/7 4565040. 
those deagao 
.8604? 
mS Seon sec | 
PSS I0452a56 
69007867745 
.64169743538 
: eee 2a, 4 
, fesse Ssc3 
eee ees 
SUS5p45c2 
32 18278726 
~SoleoueuS 
9230320257 
; Se fee | 
9580427034 
»0226757464 


D> 


ie 


94 


5) 


.61660566!3 
Po oe4 > 
SaaS oce 

.8413476403 
.5745988631 
Sooo. i. 
Meee loo, 
eee ee] 
PSE 1422'S 
° 365528 9864s 
.0560387997!S 
eos 5. s 
Toe > 445 
06820627 31 
Meow? | e4 
-US38821 7713 
sl3eoene, 42 
eocr Gee ges | 
4h sur7 se 
ae oa 
ies: S 
6500754866 

Pecos = 5 
Secu ccs S 
CO4ATD1 42°85 
aoe ete, cS 
6625449724 

Pees ee 


“I NINN ASN TON 


~~ ait 
WIGS OW Oa) aoe 


TC- 2 


ed eee 


nen 25 
oe ihe 
Wee 
.47633071 
5145917 


i 
eee ered 


eee R442 


49197 Ubs4 


4o872324) 791 
POs oelaa | > 


7505991462 
eee: 
pease Aes 5 
BIGBLIIE 3G 


3505756744 


oaee Ne) 
0 Gee 
° 127064645 zy25 
PO aoe aS 

8380303832 





fene OMIT) 


C% 


= 51 


-0174069642 
3440189923 
4016979504 
Eo ae oe 2 
wepeoaa i403 
-2617507624 


04065 


Pa0S 


3281129275 


Sooo een ls 


e 56548781 ! 1 
-O'ogceae! 


S627 eee e2 
4860i6e817! 


-0406281905 

Usb /io003 
29112404262 
.)9234734638 
PU 2 eee 
oy 46237 
./912203444 
) oe coo 
(2467 cde. 
es uae 7 43 
.568897304 

eae 7 i 
(62/5547 676 
»4255US93994 
~8401203204 


os 


62 


271536444363 
SSG hae 5. 
(ooo e ao 
ssfeeows 7 | 
» 7548913947 
Ozeigac! 

: 4522373963 
Josue? 34 2 
SS ae7 robe 
.0480155134 
. 2668983143 
~Jougee oo aa 
(Cu eyes) 
Jee ee 
SCout? tap 
2710S 095 (U5 
74825113849 
»4936614592 
ou 2229509 
Bee nee 
2294246513 
5395006282 
»roadbet205} 
Mies Jove U™ 
pi Pegs oepe? 
lle ears 47 
~O7 OI? gee! 
wsooec 20 s44 


+7 


Cet) Conky. tao 
Dp 


~ 
—) 


OU) OG) UIPIfV -4+ =QQ. 


COU) CO 


Sfupoafj—- 


4448) 
Bo 


pee 63 


SoG ee Del) ya? 
4icae doce 
~49909N545427 
VOOR ees 
~79849904325 
262187 
331379053) 
of Seseeou? 
as 1800133 


34419 


2eo0Iose 
5086742004 


950096 3488 


Ptloiee 


ar, 


3 Rh) OO — UD —* G) GQ 
OO -* DN IO eee 
»>u  CArIMuwd — Gy) —~ 

“VNR HU~-tOC 
2~O DO pPMOo ven 
I me Sd we SS UT He 

iar ors ~“JCO—9 PY WIN 


wo — 
N+ -s BONO Mit! 


Cy a 


~ 


¢ ee 


(739800 33% 


4155684933 


S280 iS = 


a goedtes 
Ny, Syl isis 





TIMECMIN)D 


ie 


osc 
.6266747329 
pont ae 2425 
5o6e17792/3 
265999684763 
66131296277 
»3903730374 
.39381301108 


5 G4 
eo 13 


eee 3 | 


(2240470492 


8490172336 


2300014417 
Pees 3 | 
Poco e ee oe | 
SIe0eou 7 7 3 
233894754595 


2360080401 


§255942708 
6985422799 
7267592142 


ma oy IS 


9848766814 
eee a 7 

Meso ol / 
3402 
ago. 
89522290434 
P2257 7 oboe: 


ge 2D 


6 


65 


.1497556i72 
p(eeee2 (4/6 
6245410075 
Poe oe 7 SU S/ 
30437641446 
P7769311286 
mae ac |) 
Cece ods | 
ieee TS | 
20152654942 
Maceo sas!5 
0264765097 
»3e60 : AA? 2 


12584 


(ee TE 


3197714929 
.424512754 

»461604232 

or 95823905 
Paitose af 7S 
Poeceec a) 21 
2615433 2630 
.6470280612 
pe oa 435 3c | 
9794094698 
eiVootso4g5 


OO o's KG 05 2S Con GO oo us 
MNEMANnNnAAANANVNA 


hee 66 


poe ae5 56 
Pale tea (as 
eee 0c 
aie om. 7 
ah 20205 
sto oe> 
Uo eis 0b 
poe ooo 3 3 
Oe ere na. & 
Oogaue (h.2 | 
svousiy eo! ! 


co 
O45 


Pope 4 S5c 


64940016701 
4735084 3 
eae 457 7 36) 
86. 


aie anf 1 7 
f2Ytbdo/5563 


4624659524 
Boy Seas | 
260792283329 
9025560478 


noe et 109 


eee | 5 O5 


574264. 343 
mo One 4416735 


934413774 
VO oo4o 7 


ey 65040 31 





feme (MIN) 


cc 


49. 
43. 


CGN 


918359934 

.9559485952 
360647 2357 
055356564. 
.1855974063 
076257309 
,2072593u94 
2236962945 


ee Oe ee 


peee sees. 
3! 5a Bead 
(Sooo ces) 2 
Poo aS 
07 (eB S6 3 


28990233976 


9700 


41620623 08 
eoogceer 1543 
.923864235% 


See) 70708 
192043437 
Sooo s03 


65047387303 


97 


62 


-4364562752 
medics 7s 

pen 4287233 
.6379196012 
.1589996149 
.1814452804 
0094497922 


3872242751 


59307657 


Bpeoneas 
oer Sma 34 
ae ere os 34 
sin (Le Sree 
242592339404 
MUG gat ce a2 
Poe ooo. | 
»5567419605 
Poo as) > 
oo Pogtiseg oe 
Jo ein 4o25 
wUesbUadt55 3 
Nees | oo 256 
pico) iss 3 

.8054484455 
Weeoeco Ue 
Nan ah ONS 2 ete 
29560715482 
27277 3344 


4142! GQda? 4 
4785657722 

Pousdellogs/ 
Re Oia oe 
ee we aie 
350698355, 
eer y | 
pee ( 
Oca eee) | 
.N337745749 
17761 42k5 

mc todie, . 36 
sou Ua 

SoU (oe 
Bovisecars 
pe eee a / 


973 af eas 


Wimstatis7 
9467399822 
FOIVUe soe / | 
SS eS / 

U2 324295, 23 
eee 


167520605 





TIME (MIN) TC= /0 Gc 1 TCs Ve 


0 48 .865428116 49.0568813376 So mo 7 2445 

5 Seve ere cies ae 46.08401243923 bon ous sy. 
10 98 .3635533/567 48 .1405645373 na, U2 abies 
ps Seas el eee oee sO! (03S S62 0452S 
20 Scour (7 a 46 .19475473823 71.4634/763419 
2D Soeomle one: 25 NO ree we ] Ua se" Coe on. oe 

30 64.50343145!15 Fe nasanceeac Coe ae Oo | 
oS Umieogseo/ / 9 Gow 3396802 (a. 5ce40? 71 3385 
40 6S.46/77462765 18 365881983 73.774836640 | 
SO 66 .9444242903 M3) cotta 235523 Ao. / Sue ois are 
70 B/ ecoGeaany ac Caer Zoo 75. 3340729643 
go Bi a Wer 7 ooD4 4€ 3308457375 (Jes Sodeous > 
100 66.0625333614 43. seec 002552 LO ae soa 
ue, Saree aces Aeon a ae 75.3179904344 
130 Soe Gos 2oege Dene oe bo (5. 4514939445 
145 690922630269 Aa Tes 263 7—, 7489924765, 
160 Booed 4o9 43. 4200864493 7§.8524030°929 
175 6953295242555 48.44678639796 LO Pea oe 
1390 Soe el Da .oco 43.4491 418665 Reh Gee ae oe ee) 
> 6S. 4520020898 43.4/7033547b2 Ta 200564" 

ae Dos Deleon oo Soe ls eoUS Lee 
239 9.94950 440453 48 .505850.34 30 MlaNoso eel oH 

250 69.576/711 4542 Hees ooo o (eae 0 ay 735395 
265 Bobo Jfboe > Were oreo. 2 772329058522 
280 Somos oo 4s 3) 43 ..585/79858784 i Cpe NA cae oe 
255 69.4338503355 3.b021884745 (22 Ses 11 
310 639.6084514365 ts Fist) letey sis) = fame [ee Sine oo 
Ses 69.69455941375 43 .6304385/765 (ie CAI eA eae 


98 





APPENDIX G 


MODEL DATA RUN 15 AUG 1983 (37.7C AMBIENT) 
BOGATION: —SReOtewdal i, Room 107 


SONDITIONS: 


l. Backpack placed in the environmental chamber 
in a vertical position. 


2. ambient temperature: 48.8C 


CONDUCT OF ~RUN:; 


Part I - 15 samples were taken at 5 minute intervals. 
Initial electrical readings were as follows: 


resistor voltage = 3.27 
load voltage = 4.72 
current (amps) = 1.64 
power (watts) = 7.72 


Part II - 24 samples were taken at 30 minute intervals. 
Electrical readings (same settings as part I) were: 


resistor voltage = 2.8 
load voltage = 4.73 
current (amps) = 1.40 


power (watts) = 6.62 
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